The present study intended to analyze calliphorid attraction to traps painted in a variety of colors and the calliphorid constancy index in the Tingua Biological Reserve, Rio de Janeiro state, Brazil. The Diptera were collected monthly in the Reserve, between 2002 and 2005, totaling 24 samplings. Four traps containing sardines as bait were painted olive green, blood red, black, or white and exposed for 48 h at four equidistant points, 50 m from each other. To determine the calliphorid species constancy, the Bodenheirmer constancy index was used throughout the study. To analyze differences in the total abundance between species and in their color selection, an ANCOVA test with a significance level of 5 % and a Tukey post-test were used, considering the categories species and color as cofactors and climatic variables as co-variables (temperature, relative humidity and precipitation), since the samples were collected over two years. 10,444 insects were captured. Of these, 56 % belonged to the Calliphoridae family, totaling 13 species, with the most frequent species being Laneela nigripes (28.5 %), Hemilucilia semidiaphana (17 %), and Mesembrinella sp. (16.4 %). The other species had frequencies lower than 12 %. Nine species were considered constant, two accessories, and two accidental. The data indicated that the most frequent species presented significant differences between themselves concerning abundance over the captured months, however, the Tukey post-test indicated differences only between a few of them. The black trap presented the higher relative calliphorid frequency (27.34 %), followed by green (25 %), red (24.0 %), and white (23.7 %), although the species abundance in the different colored traps did not differ significantly among themselves. Therefore, there was no Calliphorid flies preference for any of the tested colors.
Calliphorids play a crucial role in the maintenance and balance of land ecosystems, especially due to the feeding habits of their larvae. The larvae inhabit substances and organic waste produced by human and animal activities, especially feces and plant residues (MONTEIRO, 1995) . The larvae are detritivorous and aid in the decomposition of organic materials. In addition, a large number of calliphorid species serve as potential forensic indicators, useful in estimations of postmortem intervals (PMI), constituting an additional tool for medical and criminal investigations (GREENBERG, 1991; CATTS & GOFF, 1992; MOURA et al., 1997) .
Calliphorids are also responsible for great damages in agropecuary through traumatic myiasis that they cause in domestic and wild animals, and even in man (ZUMPT, 1965; GUIMARÃES et al., 1983; MOYA-BORJA, 2003; SUKONTASON et al., 2005) . Some calliphorid species can also act as phoretic hosts of Dermatobia hominis (Linnaeus Jr., 1781) (Oestridae) eggs, the cause of furunculous myiasis (MARINHO et al., 2003) . In addition, these insects are responsible for the transmission of a series of etiological agents, including fungi, helminth eggs and larvae, protozoan cysts, and enterovirus, both to man and other animals (FURLANETTO et al., 1984; OLIVEIRA et al., 2002) .
Due to the medical/veterinary and sanitary problems caused by these Diptera, several studies have been conducted with the purpose of developing effective measures for the control and reduction of these insect populations (KIRK, 1984; GREEN & WARNES, 1992; PICKENS et al., 1994; CILEK, 2002; MIHOK, 2002; FRAGA & D'ALMEIDA, 2005) . Since flies have the ability to distinguish colors and polarized light (PICHAUD et al., 1999) , the capture of these insects can be simple and optimized with the use of appropriately colored traps (PROKOPY & OWENS, 1978) . Accordingly, size, shape, odor, and trap color have been taken into consideration (NDEGWA & MIHOK, 1999) , with the purpose of developing traps with a high attractiveness and capture potential to muscoid Diptera.
Then, this study attempted to analyze calliphorid attraction to different colored traps as well as to test the constancy of these Diptera during the captures months in the Tingua Biological Reserve, State of Rio de Janeiro, Brazil. As a hypothesis that different colors traps can influence the capture of calliphorid flies and that in ombrophilous forest will be found assynanthropic species as constants and syannthropic species as accessory or accidental.
MATERIAL AND METHODS
The study was conducted in the Tingua Biological Reserve (ReBio-Tingua) (S 22°28'-22°39'; W 43°13'-43°34'), located approximately 70 km from the city of Rio de Janeiro, at the northern limit of the "Baixada Fluminense" area within the mountainous area of the state. The majority of the ReBio-Tingua is located in the municipalities of Nova Iguaçu and Duque de Caxias, the "Baixada Fluminense" area, but also extends into the municipalities of Petropolis and Miguel Pereira, the mountainous area (MARINHO et al., 2006) . It ranges over an area of 26,206 ha and is covered in dense ombrophilous forest at different stages of regeneration. It is considered the highest concentration of primary Atlantic Rainforest in the Rio de Janeiro State (ROCHA et al., 2003) . The climate is tropical humid, with temperatures ranging between 15.7 and 27.7 °C (MARINHO et al., 2006) .
To test possible color preferences in the efficiency of trap sampling, four traps according to MELLO et al. (2007) were painted with green, red, black, or white paint. The traps were baited with sardines that had been allowed to defreeze in the refrigerator 24h before in the field and were left in the study area for 48h. In the field, the traps were set 1.5 m above the soil at four distinct points, equidistant between themselves at approximately 50 m, on a trail in the ReBio-Tingua area about 200 m from the administrative headquarters. A total of 24 samplings were conducted between June 2002 and January 2005. At each sampling, the traps were alternated between the four sampling points, to avoid bias associated with the microclimatic conditions at each point.
The insects were sacrificed with ether and preserved in 70 % ethanol, with members of the Calliphoridae family identified at the species level using the taxonomic key described by MELLO (2003) . The specimens were deposited in the entomological collection at the Oswaldo Cruz Institute (IOC/FIOCRUZ), Rio de Janeiro, Brazil.
The abundance and relative frequencies of the captured calliphorid species were calculated in each differently colored trap. To determine if the analyzed calliphorid species were constant during the study, in other words, captured during every month, the Bodenheirmer constancy index was used (SILVEIRA-NETO et al., 1976) :
, where CI = Constance of species, p = number of samplings containing the studied species; n = total number of conducted samplings. According to the results, the following categories were defined: con -constant species = present in over 50 % of samplings; acce -accessory species = present in 25-50 % of sampling; and acci -accidental species = present in less than 25 % of samplings.
Comparisons of total abundances of different species and color selection by different calliphorid species were analyzed by covariance analysis (ANCOVA), considering the categories species and color as co-factors and climatic variables as co-variables (temperature, relative humidity and precipitation), since the samples were collected over a 24-month period (ZAR, 1999) . The data were transformed in log (x + 1) to obtain homogeneity of variance. Since the month of December 2002 was considered an outlier for some species, it was excluded from the analysis.
RESULTS
A total of 10,444 muscoid Diptera were sampled, with 56% (N = 5,609) belonging to the Calliphoridae family, and comprising a total of 13 species, the three most frequently collected species were Laneela nigripes (Guimarães, 1977) (28.5 %), Hemilucilia semidiaphana (Rondani, 1850) (17 %) and Mesembrinella sp. (16.4 %) (Tab. I). The other species exhibited frequencies lower than 12 % when analyzed individually and, when summed up, totaled 38.1 % of the total sampled calliphorid number (Tab. I). From the 13 species of calliphorids, nine (69.2 %) were considered constant, two accessory, and two accidental (15.4 % for both categories) (Tab. I). For the other analyses, only those species that had total abundances higher than 100 individuals (n = 8 species) and CI > 50 % were used.
The data indicated that the eight most frequent species had significant differences in their total abundances (ANCOVA: df = 7; F = 18.439; p < 0.01). However, the Tukey test indicated significant differences only between some of the species (Tab. I). The trap that had the highest capture values was black (27.3 %), followed by green (25.0 %), red (24.0 %), and white (23.7 %). However, the ANCOVA test did not indicate significant differences in calliphorid abundance between the different traps (ANCOVA: df = 3; F = 0.215; p = 0.886).
None of the eight calliphorid species exhibited significant differences in selecting traps by color (p > 0.05). When the variables of species and color were analyzed simultaneously as co-factors, only the species category explained an additional fraction of the abundances (ANCOVA: df = 7; F = 18.439; p < 0.001), while color did not (p = 0. 886).
DISCUSSION
The results of this study show that the three most frequent species (L. nigripes, H. semidiaphana and Mesembrinella sp.) were responsible for over 60 % of the total calliphorid number sampled, in addition to being constant species throughout the year. Laneela nigripes (28.5 %) and Mesembrinella sp. (16.4 %) had the highest sampling dominance, with 100 % constancy. The second most captured species was H. semidiaphana (17 %), and similar results were observed by MARINHO et al. (2006) in another area of the ReBio-Tingua. This last species had a constancy of 87 %, while the Hemilucilia segmentaria (Fabricius, 1805) constancy was 71 %. These species are considered assynanthropic, in other words, restricted to forest environments and adverse to anthropized environments (MELLO, 1967; D'ALMEIDA & LOPES, 1983) . The high constancy is consistent with other authorsŕ esults (MELLO, 1967; D'ALMEIDA & LOPES, 1983; FERREIRA & BARBOLA, 1998; PARALLUPI & CASTELLÓN, 1994) , which classify this species as typically forest-dwelling. Therefore, these species can serve as environmental quality indicators, indicating that the ReBio-Tingua can be considered a high-quality conservation area.
On the other hand, the exotic genus Chrysomya (Robineau-Desvoidy, 1830), originally from Africa and introduced to Brazil in the 1970s (GUIMARÃES et al., 1978; GUIMARÃES et al., 1979) , is composed primarily of synanthropic species (more present in urban areas), such as Chrysomya megacephala (Fabricius, 1794), Chrysomya albiceps (Wiedemann, 1819) and Chrysomya putoria (Wiedemann, 1830) . These species were constant in the samplings, with the exception of C. putoria, which was considered an accidental species, thus the partial hypothesis that consider only assynanthropic species as constant in ombrophilous forest was refuted.
Although these species were classified as constant, few individuals were captured in each sampling, with the exception of the month of December 2002, which was excluded from the analysis for being an outlier. The fourth most abundant species, Lucilia eximia (Wiedemann, 1819), had a sampling constancy of 96 %. This species is typical in Neotropical and Neoarctic areas and is present in most rural and urban area census studies (PRADO & GUIMARÃES, 1982; D'ALMEIDA & LOPES, 1983; MADEIRA et al., 1989; PARALUPPI & CASTELLÓN, 1994; FERREIRA & BARBOLA, 1998; MARINHO et al., 2003) .
The presence of this species, with a high constancy index, as well as the presence of the Chrysomya genus in an environmental protection area can be considered an indication of anthropic disturbance (MELLO et al., 2007) ; at least in the months the samplings at ReBio-Tingua were conducted. Since the sampled area is located near the park headquarters and is near residential areas where garbage accumulates, the presence of these synanthropic species could indicate a high adaptation, colonization, and dispersion ability in forest areas, as described by PARALUPPI & CASTELLÓN (1994) .
The obtained results do not indicate significant differences in color selection by the analyzed calliphorid species, considering both the community and independent species; this was corroborated by the covariance analysis. HALL (1995) suggested that color is a secondary factor in calliphorid attraction, since these insects are attracted primarily by substrate odour. Therefore, it is probable that the calliphorid sampled in this study were attracted by the bait and that colored traps did not exert any additional attractiveness and/or exerted only secondary roles in the sampling, which was not reflected in the statistical analysis.
In general, blowflies tend to select dark colors, such as browns and purples, usually found in animal feces and decomposing bodies, which serve as substrates for oviposition (SILVA et al., 2001) . Although our data did not indicate significant differences in Diptera abundance between the different colored traps, the trap with the Table I . Constancy index (CI), absolute (n) and relative frequency (%) of the captured calliphorid species in different traps, between July 2002 and January 2005 in the Tingua Biological Reserve, Rio de Janeiro, Brazil. Different letters indicate significant differences in the total abundance values between the calliphorid species with a sampling of over 100 individuals (con, constant species = present in over 50 % of samplings; acce, accessory species = present in 25-50 % of sampling; acci, accidental species = present in less than 25 % of samplings).
Colored traps

Species
Green Red Black White Total highest calliphorid frequency was black. Since black is the color that least reflects light and, consequently, absorbs more heat (CASTRO et al., 2003) , the use of traps of this color possibly accelerates the bait deterioration process and, therefore, is probably more attractive for muscoid Diptera. Some authors suggest that myiasis-causing species in the zoophilic phase exhibit similar behavior to hematophagous Diptera, which are attracted to blackened objects (HALL, 1995; GREEN & WARNES, 1992) . In the present study, only Lucilia cuprina (Wiedemann, 1830) and Eumesembrinella pauciseta (Aldrich, 1922) exhibited behavior similar to hematophagous species, corroborating the authors´ data, even though the latter species is not described as a myiasis-causing species in the literature. On the other hand, Cochliomyia macellaria (Fabricius, 1775), which causes secondary myiasis in humans, preferred green and red, exhibiting only a 20.4% frequency in the black colored trap.
PICKENS (1994) observed that there was no significant difference in the abundance of C. megacephala between the different colored traps that were tested, although these authors reported a higher frequency of C. megacephala in the black colored trap. In this study, the highest frequencies were observed in the green traps, followed by the black. FRAGA & D'ALMEIDA (2005) also observed that green and black colored traps were the most visited, and white was the least attractive for the capture of C. megacephala. However, these last authors did not conduct statistical tests to verify possible differences. It is noteworthy that C. megacephala was recently included as a myiasiscausing species for humans (SUKONTASSON et al., 2005) . Therefore, an observation can made that the preferences of species that cause myiasis in humans to select dark colors is not very clear.
FERRAZ & AGUIAR-COELHO (2008) tested three methodologies in laboratory for evaluate the attractiveness of C. megacephala to different colors (red, green, black, white, blue and yellow) using arena, fan and rectangle-shaped devices. In the first model, the attractiveness differed only in the second (green > red) and the third landing (red was more attractiveness than green and black). Regarding to sex, the male was more attracted by black color and the female by red color. In the fan model, a few individuals were attracted by colored tubes, the male were more attracted to green followed by yellow and blue colors and female were attracted to same colors (green, yellow and blue) with similar frequencies among them. Using the rectangle-shaped devices, there was not differences in the landing among the colors used. Thus, it was observed that results were contradictory, then can say that this species not presents pattern for the color preference.
FRAGA & D'ALMEIDA (2005) observed that L. eximia was found more frequently in green and red colored traps instead of other colors, a result verified in the present study. On the other hand, L. cuprina, even though it did not have a high capture rate in this study, was more frequently found in black and white traps. LEE (1937) observed that L. cuprina was more frequent in yellow traps; however, the colors this author used were different from the ones in the present study. HALL (1995) also observed the preferential attraction of L. cuprina to the color yellow, and observed similar behavior by phytophagous species that are preferably attracted to this color. On the other hand, FUKUSHI (1989) observed that the more attractive trap colors for this species were blue and yellow, with red and black being the least attractive colors. WALL & SMITH (1996) studied the color discrimination by the sheep blowfly Lucilia sericata (Meigen, 1826 ). In the laboratory tested the colors: yellow, green, dark blue, red and light blue. In the field trials tested the colors: black, white, red and yellow, for each colored target it was used two distinct types of odour bait (chemical mixture "swormlure-4"; and liver and 10% sodium sulphide solution). These authors observed in the laboratory that yellow sticky cloth targets caught the largest number both males and females, followed by light blue, black, green, dark blue and red. In the field, the authors observed an evident significant difference in the number of L. sericata caught between the two types of odour bait, although there was not observed the effect of color on catch. The authors suggested that the significant differences in catch depending on whether targets were in exposed or shaded positions, and those differences in the number of L. sericata caught by different target colors could be distinguished at sites exposed in full sunlight.
Even though some studies, such as the ones already discussed, demonstrate that certain trap colors present higher calliphorid visiting frequency, the data from the present study indicates that there is no significant preference for any of the tested trap colors, thus the initial hypothesis was rejected. However, other extrinsic factors (e.g. type of bait, luminosity, wind direction, and temperature), as observed by FRAGA & D'ALMEIDA (2005) and/ or wavelengths of incident light reaching the targets through the vegetation, perhaps most critically, contrast with the background as observed by WALL & SMITH (1996) , are likely to be able to modify responses to hue. In addition, factors intrinsic to the species as nutritional and physiological state and sex (HALL, 1995) , also could exert influences on the effectiveness of trap capture. Therefore, additional studies are necessary to isolate the color factor in the attraction of muscoid Diptera.
The calliphorid species attraction to a particularly colored trap possibly will contribute to the control of muscoid Diptera of medical/veterinary and public health importance, allowing for traps with higher capture power, especially when combined with insecticides and synthetic pheromones.
